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The invention relates to a method of manufacturing an optical data storage 
medium, comprising at least one substrate and apluraJity oflayers deposited on the substrate, 
including at least one of a transparent spacer layer and transparent cover layer, which layer is 
provided by applying a liquid onto the rotating substrate and rotating the substrate further in 
5 order to spread out the liquid into a layer substantially uniformly between an inner radius r* 
and an outer radius r 0 , and solidiftrfngthe liquid layer by means of exposure to UV radiation. 

The invention further relates to an optical data storage medium manufactured 

■using said method. 

The invention further relates to an apparatus for performing said method. 

10 

An embodiment of such a method is known from European patent application 
EP-A-1047055. In particular the application of a light transmissive adhesive layer in order to 
bond cover layers or other layers to each other, to the surface of a substrate and/or to one or 
15 more information storage layers is described. 

There is a constant drive for obtaining optical storage media suitable for 
recording and reproducing, which have a storage capacity of several Gigabytes (GB) or 
larger. 

This requirement is met by some Digital Video Disk or sometimes also Digital 
20 Versatile Disk formats (DVD). DVD formats can be divided into DVD-ROM that is 

exclusively for reproduction, DVD-RAM, DVD-RW and DVD+RW, which are also usable 
for rewritable data storage, and DVD-R, which is recordable once. Presently the DVD 
formats comprise disks with capacities of 4.7 GB, 8.5 GB, 9 A GB and 17 GB. 

The 8.5 GB and, in particular, fee 9 A GB (DVD-9) and 17 GB (DVD-18) 
25 formats exhibit more complicated constructions and usually comprise multiple information 
storage layers. The 4.7 GB single layer re-writable DVD format is easy to handle 
comparable, for example, to a conventional compact disk (CD) but offers an insufficient 
storage capacity for video recording purposes. 
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2 14.012003 
A high storage capacity format that recently has been suggested is Digital 
Video Recordable disk (DVB). Two formats are currently being developed: DVR-red and 
DVR-blue, the latter also called Blu-Ray Disk (BD), where red and blue refer to the used 
radiation beam wavelength for recording and reading. This disk overcomes the capacity 
5 problem and, in its simplest form, has a single storage layer format which is suitable for high 
density digital video recording and storage having a capacity up to about 22 OB in the DVR- 
blue format 

The DVR disk generally comprises a disk-shaped substrate exhibiting on one 
or both surfaces an information storage layer. The DVR disk further comprises one or more 
10 radiation beam transmisslye layers. These layers are trahsmissive to the radiation beam that is 
used to read from or write into the disk. For example a transmissive cover layer, which is 
applied on toe information storage layer. Generally, for high-density disks, lenses with high 
numerical aperture (NA), e.g. higher than 0.60, are used tor focusing such a radiation beam 
with a relatively low wavelength. For systems with NA's above 0.60 it becomes increasingly 
15 difficult to apply substrate incident recording with substrate thicknesses in the 0.6-1 .2 mm 
range due to decreasing tolerances on eg. thickness variations and disk tilt. For this reason, 
when using disks that are recorded and read out with a high NA, focusing onto a recording 
layer of a first recording stack, is performed from the side opposite from the substrate. 
Because the first recording layer has to be protected from the environment at least on© 
20 relatively thin radiation beam tranamissive cover layer, e.g. thinner than 0.5 mm, is used 

through which the radiation beam is focused. Clearly the need for the substrate to be radiation 
beam transmissive no longer exists and other substrate materials, &g. metals or alloys 
thereof, may be used. 

In case second or fiirther recording stacks are present, a radiation beam 
25 transmissive spacer layer is required between the recording stacks. The second and further 
recording stacks must be at least partially transparent to the radiation beam wavelength in 
order to making writing in and reading ftom the recording layer of the first recording stack 
possible. The thickness of such spacer layers typically is ftom the order of tens of 
micrometers, The radiation beam transmissive layer or layers which are present between the 
30 radiation beam source and the recording stack that is most remote ftom the substrate are 

normally called coyer layers. Wheuprefibricated sheets are used as transmissive layers extra 
transmissive adhesive layers are required in order to bond cover layers to each other. 

In the DVR disk the variation or unevenness of the thickness of the radiation 
beam transmissive layers over the radial extension of the disk has to be controlled very 
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carefully in order to minimize the variation in the optical path length for the impinging 
radiation. Especially the optical quality of the radiation beam at the fboal point in the DVR- 
bhie version, which uses a radiation beam with a wavelength substantially equal to 405 nm 
and an N A substantially equal to 0.85, is relatively sensitive to variations in the thickness of 

5 the transmissive layers. The total layer thickness has an optimal value in order to obtain 
mhtimnm optical spherical aberration of the focused radiation beam on, e.g., the first 
information recording layer. A deviation, e.g. +/- 5 /an, from this optimal thickness already 
introduces a considerable amount of this kind of aberration. Because of this small range it is 
important that the average thickness of the transmissive layers is equal to or close to its 

10 optimal thickness in order to make optimal use of the tolerances of the system and to have a 
high yield in manufacturing the medium. Assuming that a thickness error is Gaussian 
distributed around the nominal setting of the thickness, it is clear that the number of 
manufactured disks which do not comply with the above specification is mitnmal when the 
target setting of the nominal thickness during manufacture is substantially equal to the 

15 optimal thickness of the cover layer as in the specification of the DVR disk. The nominal 
thickness of a single layer cover of the PVR disk is 100 /m when the refractive index of the 
cover layer is n=1.6. The nominal thickness of the cover layer has to be adjusted when using 
a different refractive index. Since a change in optimal thickness can exceed more than one 
micron, it is clear from the point of view of yield that even this small change has to be taken 

20 into account. 

As described earlier, multi-stack disks, e.g. dual-stack, are used to increase the 
storage capacity of disks. Those disks require a transmissive spacer layer in between the 
recording stacks, m the case of the dual recording layer DVR disk the sum of the thickness of 
the spacer layer and the cover layer is chosen to be 100 ^m, e.g. a 25 m spacer layer and a 

25 75 fan cover layer. From EP-A-1 047055 it is known to use a polymer layer such as, for 
example, a polycarbonate (PC) sheet as light-transmissive cover or spacer layer and adhere 
such layer to the information storage layer by means of a thin, spin-coated layer of a UV 
curable liquid resin or a pressure sensitive adhesive (PSA). Because the disk now is built up 
of more than one radiation beam transmissive layer it becomes even more difficult to 

30 manufacture the disk which varies within the above specified range. Hence for such a disk it 
is even more important to set the nominal thicknesses substantially equal to the optimal 
nominal thicknesses of the cover and spacer layers of the disk. 

m order not to depend on measures for compensation of spherical aberration in 
an optical drive when playing or recording e.g. a BD disk, the thickness variation of the cover 
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4 14.015003 
layer of a single recording stack disk should be smaller than +/- 2 /*m. For e.g. a dual 
recording stack Bt> disk that variation relates to the spacer layer and cover layer thickness 
and should be smaller than +/- 1 jum for each layer separately. As said before, this puts even 
more stringent requirements in the tolerance of each separate layer. 
5 A technique currently used by some manufacturers for producing a spacer 

layer is DVD-bonding. Firstly, spmcoating provides an auxiliary substrate or "stamper", e.g. 
a PC substrate with guide grooves, with a thin layer non-adhesive to the stamper, which is 
subsequently cured or solidified with ultraviolet (UV) radiation. Then, mis auxiliary substrate 
or "stamper" is glued to a DVD substrate with known DVD bonding techniques, in which 
10 technique the liquid glue is spincoated while present between the two substrates and 

subsequently cured by exposure to UV radiation. The circumferential variation of me total 
thickness of the cured non-adhesive layer and glue layer cannot be controlled well and the 
necessary tolerance, e.g. +/- 1 /um, is not met Furthermore, the spin coating application of the 
non-adhesive layer introduces a so-called edge bead eflfect at the edge of the disk. This is a 
15 peripherieal zone of e.g. a few mm with relatively largely increased layer thickness because 
of surface tension effects at the edge of me disk. An increase of the layer thickness of larger 
than 5 /an may occur in this zone. Subsequently the stamper is separated from the non- 
adhesive layer that remains glued to the second substrate. Further process steps fellow to 
finalize the DVD medium, e.g. the application of further recording stacks and a cover layer. 
20 Another method comprises me application of a "PSA-like" material which is 

UV-cured after being brought in contact with the first DVD substrate under vacuum. This 
material is usually supplied as a sheet of foil. Thickness variations achieved wife this material 
may he below +/- 2 /an. However due to fee high material costs such a process is relatively 
expensive compared to a spincoating process. 
25 When using a known spin coating process the following problems are 

encountered. Because fee substrate usually contains a center hole fee liquid to be solidified is 
dosed in fee form of a circular bead around fee center hole. This usually results in a liquid 
layer which after rotation of fee substrate yields a liquid layer which shows aradially 
increasing layer thickness of 15-30 % from inner to outer diameter of fee Uquid layer. The 
30 edge bead at fee peripheral zone of fee substrate may result in an extra layer thickness 
increase of more than 5 /an, e.g. fiom radius 55 to 58 mm when using a 120 mm diameter 
circular substrate. Usually these edge phenomena are not uniformly present around fee 
periphery resulting in additional oircumferential variations at fee outer periphery area of fee 
substrate. When using spin coating wife e.g. fee DVD-bonding technique glue which is 
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expelled from between the DVD substrate and the stamper may aooumulate at the periphery 
and leave a residue at the stamper or a burr at the DVD substrate after separating these two. 
This poses a problem for reuse of the stamper and the burr at the edge of DVD substrate may 
oause problems in subsequent process steps of manufacture of the optioal data storage 
5 medium ag. applioatioa of a transparent cover layer, 



It is an objeot of the invention to provide a method of the Mud described in the 
opening paragraph, for manufacturing an optioal data storage medium wifo a spacer layer or 
10 cover layer which has a variation hi thickness smaller man +/- 1 jtm, measured over the 

information storage area. 

It is another object of the invention to provide an optical data storage medium 
with a spacer layer made according to the method of the invention containing embossed 
information, 

15 i t ^ a further object of the invention to provide an apparatus for performing 

the said method. 



The first object is achieved with a method according to the opening paragraph 
20 which is characterized in that: 

- after applying the liquid onto the rotating substrate, the liquid layer is heated by heating 

means in such a way that, 

-me temperature rise of the liquid layer at n has a value 5T ri while, 

- the temperature rise of the liquid layer between n and r ft gradually increases, 
25 - foe temperature rise of foe liquid layer at r„ has a value 6T ro > 8T ri . 

"When using this method foe visoosity of foe liquid layer is decreased 
according to its temperature rise. This viscosity decrease influences foe fluid flow physics of 
foe spin coating process in such a way that foe radial liquid layer thickness profile after 
spmcoafing is substantially uniform. Fine tuning for better uniformity may be achieved by 
30 e.g. changing foe rotation frequency of foe substrate or by changing foe rotation period, 
although these changes are of secondary effect In foot the shape of foe temperature rise 
profile is foe main factor determining foe uniformity of foe desired final radial thickness 
profile. The desired uniformity of foe profile is that foe radial thickness distribution of foe 
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liquid layer after complete substantial solidification does not have a variation of more than 
+/- 1 /am. 

Preferably the temperature rise between ^ and r 0 has a radial temperature 
profile with a shape substantially resembling the shape of a radial thickness profile resulting 
5 when 5T ro and 6T rt would be zero. When using this profile a liquid layer thickness variation 
of even less than +/- 0.5 /ran may be achieved. 

la an ernbodiment the heating means comprise an infra red heating device 
projecting IR radiation onto the substrate in an area with a radius larger than t\ for causing a 
desired radial temperature profile in the liquid layer. This heating method has the advantage 
10 of being relatively easy to implement Alternatively the heating means comprise a heated 
chuck on winch the substrate is mounted during rotation, said chuck having a heated surface 
for causing a desired radial temperature profile in the liquid layer or the heating means 
comprise a directed flow of heated gas emanating from a nozzle. 

fi is advantageous when a few mm wide outer peripherical zone of the 
IS substrate is shielded by a mask in order to prevent exposure of the liquid layer in this zone to 
UV radiation. After the exposure of the liquid in the exposed portion, the substrate is rotated 
at a rotation frequency sufficiently high to substantially remove the non exposed liquid in the 
outer peripherical zone from the substrate. This has the advantage mat a possible edge bead 
(see l2btaMg.l)mfceouteff P eripl^alzonete 
20 left at the outer periphery of either the substrate or a stamper which is used with e.g. theDVD 
bonding technique as described earlier in which case UV curable glue, which is expelled 
from between the DVD substrate and the stamper and has accumulated at the periphery and 
leave a residue at the stamper or a burr at the DVD substrate after separating these two, is 
removed by this process step. In this way a stamper may be used again more easily. Compare 
25 the so-called DVD-1 8 technique, which is used to produce double sided dual layer DVD read 
only disks where information is tansferred by embossing via a stamper substrate, but which 
technique requites the removal of excess glue in order to enable a good separation of the 
stamper substrate and the DVD substrate. 

It is especially advantageous when the exposure takes place in an atmosphere 
30 containing oxygen and at an exposure intensity leaving a few /on top portion of the liquid 
layer unsolidified by means of oxygen inhibition, hi such a way the top portion of the liquid 
layer is left substantially unsolidified. This enables the embossing of information, e.g. 
pregrooves or pits or the inverse, in the top portion of 1he liquid layer. Small relative 
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variations in the thickness of to top portion, o.g. 0.2 /mi, may still occur but are negligible 
oompared to the total thickness of the liquid layer after solidification. 

The second object is achieved with an optical data storage medium as 
described in the second paragraph which is characterized in that a stamper is pressed into the 
5 vmffclitffiedtopportionoftheH^ 

of the invention. Subsequently the top portion is solidified by exposure to radiation. The 
stamper is separated ftora the top portion of the completely soUdifiedhp^d layer. Farther 
layers, e.g. recording stacks and a cover layer, may be provided for finalization of the optical 
data storage medium. By leaving the top portion of the liquid layer substantially unsoUdified 
10 information may be embossed without noticably disturbing the total thickness of the spacer. 

In a favorable embodiment the stamper is transparent to UV radiation and the 
top portion is solidified by UV radiation which is projected through the transparent stamper. 
A transparent stamper has tiie advantage of enabling a more direct exposure of the top • 
portion of the liquid layer and that a substrate may be used which is not transparent to UV 
15 radiation. 

The third object is achieved with an apparatus comprising: 

- means tor receiving a substrate and a plurality of layers deposited on me substrate, 

- means tor rotating the substrate, 

- means tor providing at least one of a transparent spacer layer and transparent cover layer, 
20 by applying a liquid onto the rotating substrate and rotating the substrate former in order to 

spread out the liquid into a layer substantially uniformly between an inner radius r, and an 
outer radius r 0 , and 

-means for heating the liquid layer after applying the liquid onto the rotating substrate in 
suohawaythat, 

25 •metemperatureiiseoffhehquidlayeratrihas a value Bin while, 

* the temperature rise of the liquid layer between n andr 0 gradually increases, 

* the temperature rise of the liquid layer at r„ has a value 6T«o > 

- means for sotidifying tiie liquid layer by exposure to UV radiation directly after the heating 
step. 

30 to an embodiment the means for heating comprise an infrared heating device 

projecting IR radiation onto the substrate in an area wilh a radius larger than r, for causing a 
desired radial temperature profile in the liquid layer. 

In another embodiment the means for heating comprise a heated chuck on 
which the substrate is mounted during rotation, said chuck having a heated surface for 
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8 14.01.2003 
causing a desired radial temperature profile hi the liquid layer. 

Ia another embodiment the means for heating comprise a directed flow of 
heated gas emanating from a nozzle for causing a desired radial temperature profile in the 
liquid layer* 

5 Preferably the apparatus has a mask for shielding a few mm wide outer 

peripherics! zone of the substrate in order to prevent exposure of the liquid layer in this zone 
to UV radiation. 



10 The method of manufeoturing the optioal data storage medium and the optioal 

data storage medium according to the invention will be elucidated in greater detail with I 
reference to the accompanying drawings, in which 

Fig. 1 shows a schematic cross-sectional view of a setup to perform an 
embodiment of the method according to the invention; The dimensions are not drawn to 

15 scale; 

Fig. 2 shows a device in which an optical data storage medium manu fac tured 
with the method according to the invention is present and embossed with a transparent 
stamper. 

Fig. 3 shows a thickness (t) profile of a liquid layer after UV curing, applied 
20 without heating step as a function of radius (r); 

Fig. 4 shows a radial thickness profile of a liquid layer after UV curing, , 
applied using a heating step according to the invention; 

Fig. 5 shows irradiance distributions of the JR. lamp used in one embodiment 
of the invention; 

25 Fig. 6 shows a radial temperature profile of the liquid layer measured a few 

seconds after the heating step by means of and camera. 

In Fig.1 a setup for performing an embodiment of the method of 
30 mamifecturfcig an optical data storage medium is shown. The medium comprises a substrate 
1 1 with a plurality of layers, e f g, a recording stack, which is not drawn. A transparent spacer 
layer 12 is provided by applyingin 6 seconds about 2 grams of a liquid 12 onto the rotating 
substrate 11 and rotating the substrate 11 further in order to spread out the liquid 12 
substantially uniformly between an inner radius of x\ « 23 mm and an outer radius of r 0 - 57.5 
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mm. The rotation frequency ofihe substrate during application is 2/3 Hz and is subsequently 
ramped up to 50 Hz in about 3 sec and then left another 5 seconds on 50 Hz. The liquid is a 
TJV curable glue provided by Eques having a viscosity of 1000 mPas. When, during me 
spreading of the liquid, 1he liquid has reached the outer edge the liquid layer 12 is heated by 
5 heating means during about 4 seconds, i.e. in such a way that, 

- the temperature rise of the liquid layer 12 at r, has a value 6T ri while, 

- the temperature rise of the liquid layer 12 between n and r 0 gradually increases, 

- the temperature rise of the liquid layer 12 at r* has a.value ST TO > ST ri . 

More preferably the temperature rise between a and r 0 has a radial temperature 
10 profile with a shape substantially resembling the shape of a radial thickness profile resulting 
when 8T W and ST ri would be zero, ie. without heating. This radial thickness profile is shown 
in Fig. 3. 

The heating means comprise an infra red heating device 14 projecting IR 
radiation onto die substrata 1 1 in an area with a radius larger than n for causing the desired 
1 5 radial temperature profile in the liquid layer 12. The IR lamp 14 is a 500 W source with a 
heatinglengmof 272 mm having an IR-3 reflector, iradiance profiles are shown in Fig.5. 
The optical axis of me reflector has an angle of about 45 degrees with the substrate surface as 
drawn in Fig. 1. The distance between edge of the reflector and the substrate is kept small, 
a* 2 mm. The edge is positioned at a radius of about 24 mm, irrelatively close to me inner 

20 radius fl. . . 

A radial thickness profile is achieved with a thickness of 25 jtm. The variation 

is not more than +/- 0.5 Mm. m order to minimize changes in me thickness profile the rotation 
frequency is ramped down from 50 Hz to 13 Hz in about 2 seconds and left 10 seconds at this 
rotation speed in order to allow time for removing the IR heating device and placing a UV 
25 reflation soinxe.Sifcsaque*^ 

exposure to UV radiation, e.g. a high power UV source 15, e,g. Philips HP-A 400W, with a 
special reflector at a height of 10 cm above the liquid 12 surface, UV radiation source 15 
gives a substantially uniform radiation output. TheUV exposure for pre-soIidLfying at the 
position of the liquid layer 12 of the substrate takes 2 seconds with, an intensity of 50 
30 mW/cm 2 . The UV exposure takes place in an atmosphere containing oxygen, i.e. air, and at 
an exposure mtensity leaving a few am top portion of the Uquid layer 12 unsolidified by 
means of oxygen inhibition. This top layermay be required for subsequent process steps, e.g. 
the embossing of information in tiie top surface of the Uquid layer 12. A few mm wide outer 
peripherical zone of the substrate 11 is shieldedby a mask 16 in order to prevent exposure of 
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the liquid layer in this sone to UV radiation. After the XJV exposure of the liquid 12 in the 
exposed portion, the substrate U is rotated at a rotation frequency sufficiently high, Le. 65 
Hz, to substantially remove the non exposed liquid 12b ia the shape of an edge bead in the 
outer peripheric^ zone from the substrate 11. Note that in the drawing the layer thickness of 
5 the liquid layer 12 is drawn showing the situation before starting the heating method 

according to the invention. It must he noted that the mentioned spin coating rotation speeds 
and times may be adapted and that at higher rotation speeds the cycle time may be reduced 
substantially. In a more automated process using a higher intensity of both the IR lamp and 
the UV lamp even a further reduction of cycle time may be achieved. The IR and UV 
10 radiation sources may be positioned automatically, which further reduces the cycle time. The 
method may be fine tuned to liquids with different properties, e.g. viscosity. E.g. for DVD 
bonding a glue is used, made by DIG type nr SD694, having a viscosity of 350 mPas. The 
spin rotation speeds for this liquid must be adapted to e.g. 30 Hz and 10 Hz instead of 50 Hz 
and 13 Hz. 

15 In Fig.2 a device 20 is shown to manufacture an optical data storage medium, 

e.g. containing two or more recording stacks separated by spacer layers. A stamper 23 
transparent to UV radiation is pressed into the unsolidified top portion of the procured liquid 
layer 22 manufactured according to the method of the invention. Subsequently the top portion 
is solidified by exposure to UV radiation which is projected through the transparent stamper 

20 23. The transparent stamper 23 is separated from the top portion of the completely solidified 
liquid layer 22, Further layers are provided separately for finalization of the optical data 
storage medium* Note that a non-transparent stamper, e.g. Ni, may be used in case exposure 
of the liquid layer 22 is performed from a side other than the side where the stamper is 
present. 

25 The functioning of device 20 for manufacture of a medium will now be 

explained in more detail. The substrate 21, provided with a liquid layer 22 according to the 
method of the invention is positioned on top of a holder 29 in the bottom part 20a of the 
device and at the same time precentered. The holder 29 is connected to the rest of the bottom 
part 20a of the device by means of a rubber membrane 28. At the beginning of the process, 

30 vacuum is present under the holder 29 of ttie bottom part 20a. The top part 20b of the device 
20, holds a transparent stamper 23 which is held in position against the top part 20b by means 
of a vacuum outlet 25. The centering pin 24a around which the sta^^ 23 is centered is 
tapered and will center the substrate 21 with procured liquid layer 22 when parts 20 a and 20b 
are brought together: Air between the substrate 21 and stamper 23 is pumped out through 
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11 14.01.2003 
opening 26 until a desired underpressure level is achieved. Subsequently air is let into the 
bottom part 21a through opening 27, whioh action presses foe substrate 21 with layer 22 
against the stamper 23. UV radiation is sent through foe transparent plates 24 andfoe 
transparent stamper 23 in a desired dose and cures the top portion of the layer 22. Air is 
5 released hack into through 36 and after opening the device 20 me stamper may he separated 
ftom the substrate 21 with cured layer 22. The top surface of cured layer 22 now contains a 
negative copy of the relief structure of the stamper 23. 

In Fig. 3 aradial (r) thickness (t) profile of me liouid layer, measured after UV curing, is 
shown achieved when 6T M and 5T ri would he zero, i.e. when no heating step is performed. It 

10 can be seen that a substantial increase in layer thickness is present radially outward, which is 
fer ftom the desired profile. However it was found that when the temperature rise between n 
and r« has a radial temperature profile with a shape substantially resembling me shape of a 
mis radial thiokness profile a very flat final thickness profile can be achieved as shown in 
Fig. 4. resulting when 5T ro and 61* would be zero. The achieved temperature profile may be 

15 adjusted by moving the position of me heating means, e.g. foe IR -lamp. A temperature 

measurement of the surface of the liquid layer after me heating step has been performed wifli 
an infrared camera as described with Hg.6. 

In Fig. 4 aradial thickness profile is shown achieved with the method according to me 
invention. 

20 hi Fig. 5 the irradiance distribution of the IR-3 reflector used for one 

embodiment of the mvention is shown at different spacmgs (distances). 

In Fig 6 the measured radial temperature profile of the heated liquid layer is 
shown as measured with an IR camera. This measurement can only be done after switching 
of the IR lamp. Hence the measurement is performed a few seconds later and therefore the 
25 temperature profile is only an indication of the real temperature profile. Note that the 
horizontal axis (radius) is reversed. 

It should he noted that foe above-mentioned embodiment illustrates rather than 
limits the invention, and that those skilled in foe art will be able to design many alternative 
embodiments without departing from foe scope of the appended claims. In the claims, any 
30 reference signs placed between parentheses shall not be construed as limiting the claim. The 
word "comprising" does not exclude foe presence of elements or steps other than those listed 
in a claim The word "a" or "an" preceding an element does not exclude foe presence of a 
plurality of such elements. The mem feet that certain measures are recited in mutually 
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different dependent claims does not indicate that a combination of these measures cannot be 
used to advantage. 

According to the invention a method of manufacturing an optical data storage 
medium, comprising at least one substrate and a plurality of layeis deposited on the /substrate 
5 is described. The medium includes at least one of a transparent spacer layer and transparent 
cover layer. The layer is provided by applying a liquid onto the rotating substrate and rotating 
the substrate Anther in order to spread out the liquid into a layer substantially uniformly 
between an inner radius r x and an outer radius r 0 , and solidifying the liquid layer by means of 
exposure to UV radiation. After applying the liquid onto the rotating substrate the liquid layer 

10 is heated by heating means in such a way that the temperature rise of the liquid layer at t { has 
a value 87*, While the temperature rise of the liquid layer between is and r 0 gradually 
increases, and the temperature rise of the liquid layer at r* has a value 5T ro > 5T ri . Jh this way 
the spacer layer or cover layer has a variation in thickness smaller than +/- 1 jum, measured 
over the information storage area. Further a medium manufactured using said method and an 

IS apparatus for performing the method are described. 
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CLAIMS: 



1. A method «rf manufacturing an optical data storage medium, comprising at 
least one substrate and a plurality of layers deposited on the substrate, including at least one 
of a transparent spacer layer and transparent cover layer, which layer is provided by applying 
a liquid onto the rotating substrate and rotating the substrate further in order to spread out the 

5 liquid into a layer substantially uniformly between an inner radius n and an outer radius r Q , 
and solidifying the liquid layer by means of exposure to TJV radiation, characterized in that: 

- after applying the liquid onto the rotating substrate the liquid layer is heated by heating 
means in such a way that, 

. the temperature rise of the liquid layer at « has a value ST ri while, 
10 - the temperature rise of the liquid layer between n and v a gradually increases, 

- the temperature rise of the liquid layer at r 0 has a value 6T» > STn. 

2, A method as claimed in claim 1, wherein the temperature rise between rj and r„ 
has a radial temperature profile with a shape substantially resembling the shape of a radial 

15 thickness profile resulting when 6T» and ST ri would be zero. 

3 a method as claimed in claim 1 or 2, wherein the heating means comprise an 

infra red heating device projecting DR. radiation onto the substrate in an area with a radius 
larger than r, for causing a desired radial temperature profile in the liquid layer. 

20 

4. a method as claimed in claim 1 or 2, wherein the heating means comprise a 

heated ohuok on which the substrate is mounted during rotation, said chuck having a heated 
surface for causing a desired radial temperature profile in the liquid layer. 

25 5. A method as claimed in claim 1 or 2, wherein the heating means comprise a 

directed flow of heated gas emanating from a nozzle for causing a desired radial temperature 
profile in the liquid layer. 
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6. A method as claimed in any one of claims 1-5, wherein a few mm wide outer 
peripherical zone of the substrate is shielded by a mask in order to prevent exposure of the 
liquid layer in this zone to UV radiation. 

7. A method as claimed in claim 6, wherein after the exposure of the liquid layer 
in the exposed portion, lie substrate is rotated at a rotation frequenoy sufficiently high to 
substantially remove the non exposed liquid in the outer peripherical zone from the substrate. 

8. A method as claimed any one of the preceding claims, wherein the exposure 
takes place in an atmosphere containing oxygen and at an exposure intensity leaving a few 
lim top portion of the liquid layer unsolidified by means of oxygen inhibition. 

9 * An optical data storage medium manufactured using die method of claim 8, 

wherein additionally: 

-a stamper is pressed into the unsolidified top portion of the liquid layer, 
-subsequently the top portion is solidified by exposure to radiation, 
-the stamper is separated from the top portion of the completely solidified liquid layer, 
^farther layers are provided for flnalization of the optical date storage medium. 

10. An optical data storage medium according to claim 9, wherein the stamper is 
transparent to UV radiation and the top portion is solidified by UV radiation which is 
projected through the transparent stamper. 

11. An apparatus for performing the method of any one of claims 1-8 comprising 
-means for receiving a substrate and a plurality of layers deposited on the substrate, 
-means for rotating the substrate, 

- means for providing at least one of a transparent spacer layer and transparent cover layer, 
by applying a liquid onto the rotating substrate and rotating the substrate farther in order to 
spread out the liquid into a layer substantially uniformly between an inner radius it and an 
outer radius r* and 

- means for heating the liquid layer after applying the liquid onto the rotating substrate in 
such a way that, 

* the temp erature rise of the liquid layer ainhasa value 5T rt while, 

* the temperature rise of the liquid layer between ^ and io gradually increases, 
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* the temperature rise of the liquid layer at ib has a value ST„ > ST* 

-means for solidifying the liquid layer by exposure to UV radiation directly after the heating 



step 
12. 



An apparatus as claimed in claim 1 1 , wherein the means for heating comprise 
infrared heating device projecting IR radiation onto the substrate in an area with a radius 
larger than n for causing a desired radial temperature profile in the liquid layer. 



an 



13. An apparatus as claimed in claim 11, wherein die means for heating comprise 
10 aheated chuck on which the substrate is mounted during rotation, said chuck having aheated 

surface tor causing a desired radial temperature profile in the liquid layer. 

14. An apparatus as claimed in claim 1 1, wherein die means for heating comprise 
a directed flow of heated gas emanating from a nozzle for causing a desired radial 

1 5 temperature profile in the liquid layer, 

15. An apparatus as claimed in any one of claims 1 1-14, wherein a mask for 
ahielding a few mm wide outer peripherical zone of die substrate is present in order to 
prevent exposure of the liquid layer in this zone to UV radiation. 
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ABSTRACT: 



A method of manufacturing an optical data storage medium, comprising at 
least one substrate (11) and a plurality of layers deposited on the substrate (1 1) is described. 
The medium includes at least one of a transparent spacer layer and transparent cover layer 
(12). The layer (12) is provided by applying a liquid onto the rotating substrate (1 1) and 
5 rotating the substrate (1 1) further in order to spread out the liquid into a layer substantially 
uniformly between an inner radius n and an outer radius r Q? and solidifying the liquid layer 
(12) by means of exposure to UV radiation. After applying the liquid onto the rotating 
substrate the liquid layer (12) is heated by beating means (14) in such a way that the 
temperature rise of the liquid layer (12) at r) has a value STd, while the temperature rise of the 
10 liquid layer (12) between n and r 0 gradually increases, and the temperature rise of the liquid 
layer (12) at r tt has a value 5T ro > ST*. 

In this way the spacer layer or cover layer has a variation in thickness smaller than +/- 1 /an, 
measured over the information storage area. Further a medium manufactured using said 
method and an apparatus for performing the method are described. 

15 

Fig. 1 
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